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SUMMARY N

S
Forces and moments on a fighter-bomber airplane confil ation With
an open bomb bay and on two bluff bomb shapes locsted in varEous 533 -
tions below the fuselage and in the plane of symmetry of the e
vere measured in the Langley h- by h-foot supersonic pressure tunnel at
a Mach number of 1.61

These data were teken as part of an extensive
program in which static force and moment measurements on various bombs
in the flow field of an airplane configuration could be used to predict
the bomb motions and drop paths in the immediste vicinity of the air-~
plane.

No drop-path calculations, however, are presented 1n this paper.
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The data indicate that the wing has a noticeable effect on bomb
forces and that these bluff bombs affect the longitudinal charscteristics

of the wing-fuselage coumbination as the strong shocks from the bombd pass
over the airplane horizontal teil

TNTRODUCTION

This investigation is en extension of a program in the Langley
k- by 4-foot supersonic pressure tunnel for the determinstion st Mach
number 1.61 of static forces and moments of various bombs in the Flow
field of an airplane configuration so that bomb-release motlons and drop
paths in the immediste vicinity of the airplane might be calculated.
Reference 1 presents such date for several internally carried bombs

located in the flow field of an open bomb bay and shows the method for
calculsting bomb motions and bomb drop peths

Reference 2 presents
data for several bomb shapes tested below & closed bomb bay and below
a swept wing. i

This paper presents the results of tests of two bluff-
shaped bombs in the vicinity of an open bomb bay and gives data which
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show some effects of these bombs on the airplane configuration (same
airplane configuration as in ref. 1) with and without horizontal tail.
The data are presented with limited analysis.
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SYMBOLS

drag coefficient of wing-fuselage or wing-fuselage-tail com-
binetion, 2X&&
qsS

1ift coefficient of wing-fuselsge or wing-fuselage-tail com-
bination, Lift '

pitching-moment coefficient of wing-fuselage or wing-fuselage-

Pitching moment
qsc

tall combination, referred to f,

dreg coefficient of bomb, 2235
q

Lift

1ift coefficlent of bomb, -
Q.

pltching-moment coeffilcient of bomb (moment center &t bomb
Pitching moment

qri

nose),

mean aerodynamic chord of wing, in.
total area of wing, sq ft

maximum frontal area of bomb, sq £t
length of bomb, in.

dynamic pressure, 1lb/sq ft

longitudinal distance between bomb midpoint and bomb-bay
midpoint, in. (fig. 1(b))

vertical dlstance between bomb midpoint and horizontal line

drawn through the fuselage center line at bomb-bay center
line (station 20), in., (fig. 1(b))
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@, angle of abtack of bomb referenced to free-stream direction,
deg

S angle of attack of wing-fuselage or wing-fuselage-tail refer-
enced to free-stream direction, deg

Subscript:

i isolated

TESTS AND METHODS

Models and Tests

The general arrangement of models, the fuselage coordinates, and
the wing dimensions are shown in figure 1. The wing-fuselasge combina-
tion was designed to simulste a swept-wing Ffighter-bomber airplane. A
detailed description of the airplane configuration and model setup is
given in reference 1.

The bombs are described in figure 2. These two bluff bomb shapes
will be referred to in this paper as the spool (fig. 2(a)) and cylin-
drical (fig. 2(b))} bombs. The bombs were tested in various locations
under the fuselage in the plane of symmetry of the airplane.

The nominal ranges of angles of attack and positions used in the
investigation and a convenient index to the bomb and wing-fuselage con-
figurations involved are presented in table I.

Precision of Data
The repeatability or relative accuracies are estimated £from an

inspection of repeat test polnts, zerc shifts, and static-deflection
calibrations to be as follows:
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PRESENTATION AND DISCUSSION OF DATA

Bomb Data

Isolated bomb deta.- Isolated 1ift, drag, and pltching-moment

coefflcients for the bombs are presented in figure 3. Schlieren photo-
graphs of the bombs at various angles of attack are shown in figure L,
The flat sections of the curves of 1ift and moment coefficient at o = O°
and the hump at o = 0° in the drag coefficlent curve in figure 3(a)

for the spool bomb car be explained by inspection of the schlieren photo-
graphs in figure 4(a). At angles of attack of -1°, 0°, and 3/4°, the
flow over the center sectlon of the spool has not fully separated and a
strong shock exists before the rear flange of the spool, which produces
the high drsg shown in figure 3(a). Since at these low angles of attack
the strong rear shock appears to be uniform sbout the bomb, no strong
moments or 1ifts result. As bonmb angle increases beyond 16, however,

the flow sepsrates over the center section of the spool on the downstream
side of the bomb. This separation reduces the drag, and, because of its
asymmetry, produces a restoring moment end & 1ift.

Basic bomb data.- Drag, lift, and pltching-moment coefficlents for
the spool bomb and the cylindrical bomb in the presence of the airplane
configuration are presented in figures 5, 6, 7, and 8. Table I gives
a convenient index to the contents of these baslc-dats figures. These
data are presented in the form of plots of aerodynemic coefficients
against z. From these plots contour maps of bomb forces and calecula-
tions of bomb drop paths can be made.

Contour maps of bomb date.~ The 1lift, drag, and pitching-moment
coefficients for the spool bomb and cylindrical bomb in the presence of
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the wing-fuselage combination are presented in contour map form in fig-
ures 9 to 14. The bomb midpoint 1s the reference point (the point at
which the force coefficient 1s plotted) for these plots. The bomb and
bomb bay are shown to scale on each plot.

These contour maps in general show rapid changes in bomb forces
and moments with changes of x and z. Rapld changes are also shown
with changes in bonmb angle of attack. The data in this form 1llustrate
well the complexity of the flow field in which the bomb is located. An
evaluation of the effect of these measured forces and moments on the
bomb drop path can be obtalned only by utilizing these data on the cal-
culation of bomb drop paths, as in reference 1.

Effects of wing.~ Figure 15 shows the effects of the wing on the

bomb forces and moments. Data taken with wing on and off show, in gen-
eral, that the wing has a noticeable effect on the bomb coefficlents.
These effects, however, are not as significant as the effects of The
wing on the longer bombs with fins of reference 1.

Comparison of spool and cylindrical bombs.~ A comparison of the
spool and cylindrical bomb forces and moments in the flow field of the
wing-fuselage combination are presented in figure 16. The shapes of
the curves In general are the same and, as may be seen from the 1solated
bomb data (fig. 3}, the drag of the cylindrical bomb is less than that
of the spool bomb. ’

Airplane Data

Basic wing-fuselage data.- The dreg, 1ift, and pitching-moment
coefficients measured on the wing-fuselage combinatlion in the presence
of the two bluff bombs are shown in figures 17 to 25. An inspection
of these figures shows thalt, in general, rapld changes in the piltching
moments of the wing-fuselage combination occur with changes in bomb
position and that 1ift and .drag coefficients exhibit much less change
with either bomb position or bomb angle of attack.

Contour maps of wing-fuselage data.- Wing-fuselage data are also
presented in contour meps of 1ift, drag, and plitching-moment coeffi-
clents for the wing-fuselage combinstion in the presence of the spool
bomb (figs. 26 to 28) and the cylindrical bomb (figs. 29 to 31).

Wing-fuselage data with and without tall.- A comparison of the
wing~fuselage force and moment data for the configuration with and with-
out & tail in the presence of the spool bomb is presented in figuree 32
and 33. These figures gilve data for the configurations with the bomb
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in a forward position (x = 2.95 inches) and a rearward position

(x = 10.95 inches), respectively. The most significant effect is

seen in the difference  in the influvuence of the bomb in the rearward
location. TIn this position the bow shock passing across the horizontal
tall of the wing-fuselage-tail conflguration produces a much greater
nose-down increment in pltching moment then is evidenced for the con-
figuration without tail.

Effect of bomb shape.- Figure 34 presents the force and moment
coefficients for the wing-fuselage combination in the presence of the
spool and cylindrical bombs. The data show no significant differences
in the effects of these two bomb shepes.

Effect of bomb angle of attack.- It appears from the basic wing-

fuselage deta (figs. 17 to 25) that the effects of bomb angle of attack
on wing-fuselage coefficients are not significant except when the bow
shocks from the bombs are falling near the tralling edge of the wing

or the leading or tralling edges of horizontal-taill surfaces. As the
bomb angle of atteck varies, the bow shock deforms so that, for example,
a shock lmpinging on & wing or tail surface when the bomb is at zero
angle of attack might be off the surface at an angle of attack. This
may be seen by superimposing sketches of the bomb schlieren photographs
on figure 1(b).

CONCLUDING REMARKS

Forces and moments have been measured in the Langley 4- by L-foot
supersonic pressure tunnel at a Mach number of 1.6 on bombs of two
different bluff shapes and on a swept-wing fighter-bomber airplane con-
figuration for a large number of positions of the bombs under an open
bomb bay. The results show that, in general, the wing has a noticeable
effect on bomb forces and moments. These effects, however, are not as
large as the. effects of the wing on the streamlined bombs of NACA
RM L561I18. The bluff bombs have a significant effect on airplane lon-
gitudinel characteristics as the strong bow shock of the bombs passes
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over the afrplane horizontal tail. The bomb data are presented in the
form of contour maps sulteble for trajectory calculations.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
langley Field, Va., Jdasnuary 2, 1957.
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TABLE I

INDEX TO MODEL CONFIGURATIONS AND BASTIC-DATA FIGURES

Oy e
Bouib Wing[Tall x, in. Range of 2, in.]Figure
deg deg
-1.30, 2.70, 6.70 0 to 6
0, $10 o}
8.70, 10.70 0 to 10
0 -1.05, 2.95, 6.95, 8.95, 10.95 a5 to 20
L -1.05, 2.95, 6.95 0 to 6
on | offl+s, +10, 15 5
8.95, 10.95 0 %0 10
-1.17, 2.83, 6.83 0 to 6
0, t10 8
8.83, 10.83 ¢ to 10
o] 2.70 80 to 18 or 20
o}
0, t10 10.70 0 to 10
Spool 0, *10 2.95 85 to 18 or 20
o} b 10.95 80 to 20
On | On 6
110 10.95 0 to 10
0 5 2.8 8¢ to 18
0, 110 10.83 0 to 10
0, 110 0 -1.30 0 to 6
o -1.05 8 to 20
off} Off L 7
15, #10, £15 -1.05 0 to 6
0, 10 8 -1.17 0 to 6
-1.30, 2.70, 6.T0 0 to b
0, 10 0
10.7 0 bo 10
) -1.05, 2.95, 6.95, 10.95 20 to 20
b -1.05, 2.95, 6.95 0 to 6
Cylindricall On | Off|+5, *10, 15 8
10.95 0 to 10
-1.17, 2.8, 6.83 0 to 6
0, 10 8
10.83 0 to 10

®prag coefficients for values of 2z greeter than 10.0 are not plotted.
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Figure 1.~ Continued.
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Figure 3.- Continued.
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Figure 3.- Continued.
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(a) Spool bamb. I-57-113

Figure 4.~ Schlieren photographs of flow fields about two bluff-shaped bombs through an angle~of-
attack range.
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(a) Concluded.

Figure U.- Continued.
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(b) Cylindrieal bomb.

Figure 4.~ Continued.
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(b) Continued.

Figure 4.. Continued.
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Figure 4.- Concluded.
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(a) Values of x from -1.05 to -1.30 inches. *

Figure 5.- Force data for spool bomb in presence of wing-fuselage
combingtion.
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Bomb lift coefficient, CLb
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Flgure 5.- Continued.
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Bomb lift coefficlent, CLb

Bomb lift coefficient, CL,
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(b) Continued.

Figure 5.- Continued.
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Bomb pitching— moment coefficlent, c'“b

Bomb pitching — moment cosfficient, c"“b
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Bomb lift coefficient, C,

Bomb lift coefficient, C,_b
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Bomb drag coefficient, CDb
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Bomb pitching -~ moment  coefficlent, C""b

Bomb pitching ~ moment coefficient, C,nb
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Figure 7.~ Force data for spool bomb in presence of fuselage. Values
of x from -1.05 to ~1.30 inches.
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Figure T7.- Continued.
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Bomb lift coefficient, CLb

Bomb lift coefficient, cLb
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Bomb pitching — moment coefficient, Cmb

Bomb pitching— moment coefficlent, c’“b
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Bomb drag cosfficlent, CDb
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Bomb  pitching ~ moment coefficiant, c"“b

Bomb pitching - moment coefficient, Crn,
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Bomb lift coefficlent, CL
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Bomb  pitching — moment coefficient, Cmb

Bomb pitching — moment coefficient, C‘“b
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Bomb pitching — moment coefficient, C’“b

Bomb pitching — moment  coefficient, c""b
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Figure 20.- Force and moment data for wing-fuselage combinatlon in presence of spool bomb,
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Figure 21.~ Force and moment deta for wing-fuselsge combination in presence of spool bomb.

off; x = 10.70 to 10.95 inches.
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Flgure 23.~ Force and moment data for wing-fuselage combination in presence of cylindrical bomb.
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Figure 25.- Continued.
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Figure 24.- Force and moment date for wing-fuselage combination in presence of cylindrical bomb.
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Figure 25.- Force and moment data for wing-fuselage combination in presence of cylindrical bomb.
Tail off; x = 10.70 to 10.95 inches.

¢2vLdT WE VOVN

Lzt



Wing - fuselage lift coefficient, C, wr

awf X ab
(deg)  (in) (deg)
©0 10.70 — 0
4 1095 ~—— 10
¢ 8 10.83 —-— =10

VI VR WP, C—

I T ——r

2 3 4 5 6 7 8 9

Vertical location of bomb  midpoint, z, in.

(b) Lift coefficient.

Figure 25.- Continued.

10

82t

E€TVLCT W YOVN




wing —fuselage pitching-morrient coefficient, Conr

(dc:g {in) (deg)
00 10,70 — 0
o4 s s 10
¢ 8 1083 —_ -0

?\m‘@-— - PEEL et e

2 3 4 5 6 7 8 9 10
Vertical location of bomb midpoint, 2z, in

(¢) Pitching-moment coefficlent.

Flgure 25.- Concluded.

dLT

¢2VLET W VOVE

6et




—Bomb bay ¢

AT p——— SR
ol /
2 o —
o
k3 e
"g" = "'/?’>//>/)\’\ @
; f 2ag] %ﬂgi;//? //ﬁ\\
z, N ) g /
. 6 \\h \\ i‘ (( RQE-H m::.aﬁ// A
6! et S / o )
E /
g&' : ) ‘al£5
§ i
/ [
. A

0 2 4 6 8 0 2
Harizontdl  location of bemb  midpoint, X, in.

N
|
N

(8) o =15°.

Figure 26.- Contour plot of drag coefficlents of wing-fuselage ccmbinetion in presence of spool
bml

0Lt

€2YLET WY YOVN




NACA RM IL5TAZ3

N <z~

NN M N
//MUMWWfWM/
M

2%

7
ez

o

i

.

7

77

7
f’//

L

7 /%
> fusaloge ¢
W’

N

7

.

)

o

i
™~

174

=l ]
7

8

£

= A

&

4

.

2

—Bomb by ¢

0

/
7
_I

AN

A

A )

\!; Gl i
Wik w\%

-2

A
w 2 yodgu quog

© ©
L0 LB OO

ﬂ_

Herizontd  location of bomb midboird, x,

(b} o, = 10°.

131

Figure 26.~ Contlnued.



132

~Bomb bay ¢

R NACA RM L5TA23
s
Nf / \Jﬂ:lf/m faﬂ/
& § ™ Q
N \ / ﬁ\\lﬂwlf/nfﬂ
~ PR
2 EENEN s
D\ R oy i
S 3\ | § . 3
N TE ] & E
| . Wi 17 u nmu
i / //rw f 1.%\ 4% g
| | %ﬁ//i | 5.8
TR g7
ST ,. e
il R .
“
.ﬂ; .2.&w§:ﬂ§ﬁ§§ﬂ%& s
..T
A%%
P



N

_‘;.Q

=N

Verical focafion of bomb midpont, z .

~—~Bomb bay ¢
77 '
T——————— .
o %/ -
> < /

2 "Zz __'.i_ 7 //%//I/////Z///// //

|_-.065P f; 5\
4 ____$%%;:i; /// /i/ ~ps4
. b e | @\
P AN Pl Y T ——~——\_____.,'wﬁ \

- |/ /] <> 54 l
== T AT
T 055

8 —~{= m#// A / / /// //*”4
—L T 7 /

0 ) B P / /73

-4 -2 0 2 4 é 8 0 #

Harizontal  location of bomb micpoird, X, in.

(d) o = 0°.

Figure 26.- Continued.

¢2VLET WY VOVN

€eT




13k L NACA RM L3TA23

i
L%
/

/

g

_

-
Mé/

é

4
5%,

Hotontdl  focalion of bomb migpaird, x, in
%

(e)

2

Figure 26.- Continued.

Bomb bay ¢

7
)

N

N %+ © o Q!
W 7 MOdpRy QUIDG  JO UOHOIG  JOTIIN



~—Gomb bay ¢

e

. .

\

LA —

i \\\
NS
Nl
NN
g\\
N

3,3

Vertical focation of bomb rmidpand, 2z, in.

N

A
|
” /Mé
/
=

D
4 -2 0 2 4 6 8 0 2
HeorizoWlal  focation of bomb migpad, x, b

{f) o = -10°.

Figure 26,- Continued.

€IVLET W VOVN

4T



=

Hazodl  focation of bomb mighaint, x,

(g) = ~15%

Figure 26.- Conecluded.,

Bonb hay ¢
——
0 [ fusle ¢
<2 )
N
L L
' __ow—1 p V e 73
L~ | 8T
E __Hzee://// 71 ,// N
—‘"“Eﬁ/“'ff/‘-‘m/_f”“ %
% 6 = 1%t : f
\ i mé
L T '
¢ ]/
N/
/  ods
I, A7
Lq -2 ) 2 4 6 8 J7) /2

9¢T

€SVLET WY YOVN




T T
I ; L i
7 S f "/ ”ﬁ/ G '/1) ’

’/

S

Verical focotion o bomb midpant, Z, .

A7
[ 26\ Lar. N\
7 7 L______ / ™~ \
-~ \ X
~ J \
8
0 '—
~4 -2 ) 2 4 ) a

Horizontal  location of bomb midait, X, i

(a) «, = 15°

Figure 27.- Coptour plot of 1ift coefficients of wing-fueelage combination in presence of gpool

bomb.

2

d81

C2V.CT WY VOVN

Let




138 . ] NACA RM L5TA23

2

' 7
//
NN
S
\
NN
8

6

g
——]

1T~
™.
4

(b) o, = 10°.

2

Hororal  location of bomb midpoirt, X, in.

Figure 27.- Continued.

Bomb bay ¢

=~
Y
)

0

/ﬂ,

\___“_-
S Wy

7
74
-2

4
< @ B Q!
W7 podpry Quog  J0 LOHDI fONLRA
-
b3
=g




R A A
A;’rﬂz.’hr.«,_—,‘lf-'.;:
/.;/:;
0

Veriical bcation of bomb midpaint Z, in

A

Oy

!

'S

s ,».ffc'.,'. §
e e
=t R ﬁééﬁ%ﬂ&&%@%@%@%@éégﬁkégéﬁi’
\\\d$ o i
Y | 22 T
ffag:;/xw Z/H/{/’img\xéiah\ =
AT SN N
D K 1 . N N
] D R \
A ' N
L'_" “-"'_J_* + k R
2/
N
4 -2 0 2 4 6 1) 0 2

Razondal  focation of bomb midboit, x, in

(¢) a, =5°.

Figure 27.~ Continued.

CeVLCT W VOWN

6¢T




1Y)

o

Verticdl boogtion of bomb midpont, Z in.

9

Hatortd location of bomb midpaid, x, in.

(d) o = 0°.

Flgure 27.- Continued.

.-—Bomb bay ¢
.

240 T e W Va5

N
S .

RN ‘ 7 // /
= Nl
— e | 1N
DY e T
/5///5%/} m i‘\\ N
V/ﬂ/// V/—/ —rsd NReH N
,%// 0\
7 N
—2 o 2 4 6 8 J7 2

o4T

¢2viaT W YOVN




.—Bomb bay ¢

: 7
e e T~ éége/”’/';{ // - ’7///%//
FERN .
. i
L RSN S
: ’//,::;i-)’ /{/)' }Jﬂf\“‘ﬁnT___H B B \\\.
%e il b
g / T e R \
4

é&’ G Ltz —
§

17

4 0 2 4 6 8 7 2

Herizoptdl  location of bomb  midpaint, X, i,

(e) o = ~5°

Flgure 27.- Continued.

¢evLlCT Wa YOUN

T




jfy / /—Bamb bﬂ}’ ¢
..
TES———— ..
//// '
. _
- AN
_'E" .
% . \'TL"\ 5
) 255
§ e
w 6 P %é?fﬂ \ |
5 L=t |
Eg ~
Eg ‘Q a-iJ
0
‘4 2 0 2 4 6 & © o

Hazonidl  location of bomb midpaid, x,
(£) o = -10°

Flgure 27.- Contlnued.

ohtl

€eV.LCT WI VOVN




—Bamb bay ¢

—_——— 7% 7
7 — =] ] %’w}@é Q,/// ,?/
7
7 7 /
7
i _ / /
<
¥
%4 \.\)\*\B 2]
| e b=t
o =27 Bl awilln
5 et
§ i ;
] 7.5 <]
0
4 -2 0 2 p 6 g 0 2

Horizontal  focalion of bomb midbaint, x,

(8) o, = -15°

Figure 27.- Concluded.

CSVLCT W VOVN

CHT




Bomb bay ¢

LT
1
. ]
N ™ “\Eqmﬂaﬁxk\
B %] ]
= [~
g 4 ﬂ\j ""’ﬁ\\, i v
- T ) / -04‘/4-_‘- d
:S = I~ T B e e e
) /A L 5
% 6 et 2| | AT — L=
4 £ / . 5
/ I \L-‘—-""‘*-. / — -:05/
§ v ~ /{L:M'ﬂ- o
§? o
g
D
-4 2 c g 4 6 8 0 2

Horizomidd  focation of bhomb micbaid, X, n

(8) o = 15°.

Flgure 28.- Contour plot of pitching-moment coefficients of wing-fuselage combination in presence
of spool homb.

7T

¢2vLCT WH VOVN




NACA RM I5T7A23 ) 145

2

3R

NN

_

veed
M
2
0

N
—

, IR .
mg \\ A8 s
WW///// _m /(d N 6W. 3
N R . f
WT // F.# \w 4m E m
“ | TR s e o
3\ HEIE BN 8 2
5 | \\ﬂ\mﬂm,a\r m
AL .
oyl N
N

oy <+ © ) 04
W T Wodbry QUG O UOHDIO O




146 SN NACA 0 15TAZ3

N
\ W ﬁ,.ﬂr,%“xw/ R
N
IENwSan]
ol /M_.,// Y | .M;
L Y S
m ‘) § 1
LN W :/ ,w I\J 4m m_, m
] T M N
“ N 4 M» - . &
N BN % I
- ¥/AS N ’
NIIETIAN A
TR
| A 4_
%H - o © 04
Y [° “u % wodw quog o wwo
%ﬁ#




NACA RM ISTA23 L Y 147

! m%\w 2
L\,
\ NN i
" EnAR -
& N : © ¥ .
g 15[ ] § 3
| INNNY § %3
- | S]] IR
ENN L AR T z g
1 |Em/mYNE Aoy
| R ..
/ & YN
\.I%: TN
.\ Y
ﬂ e.s z Ec.wé quiog ﬁwq LoIpOc) ow@tﬂ S




148 SRS NACA RM ISTA23

2

/
Lof
v’
A5
{'a{

)

T o4
=
/

v I
/

_
Vi
4y

— :
J/ .,

//’}l}

4

Horirortd  location of bomb midoad, X,

(e) oy = ~5%

é

i
/

>
// |
77 fzé; -
K i B
Figure 28.- Continued,

Bamb bay ¢
//%ﬁ/

i
]

7

!
SN

T

w7 odmy quog Jo Uagod0 WAL

Al SN s
| /IRINIEEN .
x . + ,W L % IMWJ.
;



Bomb bay ¢
Mﬁi"z;-~—"————____m- ——— “;_}_“_ _fﬂ;;@E ¢
. SN
§4 ;:] Q”ﬂﬂﬁﬁL : //7jf:iﬁ“:::\\\
F

g __\%!,:;7—.0&?/) /J . e /A{ ——~ =03 Sy d
e 5 AN T A » 7/4 ot
g WA,/’“ITVT /A,/ //
X 11
2

0

-4 -2 0 2 4 6 8 0 2

Horizontal  location of bomb midboirit, x, in.

(£) ap = -10°.

Pigure 28.- Continued.

£€2VLCT WY VOVN

64T




150 L ] NACA RM 157423

2

74
0

s
U

N
RSl
RSSEEE
> IR N N
| ERmNNLaEr
\ / .\/r, £ ol %
h._ / / m/ N 4m .m_ nm
. ! \ m?//// /, M & g
8 ! NG \ § o o
BTSRRI EEEN
VAR ]
AN
AN T,

© ) Q!
W Z Jodony quog  jo Uoooq [0

Qe d® o
2
4



Bonb bay ¢

it O 1 ———-_1_‘._% ¢

&f R T Z

. =SS -\

§.4 ==—c2 >> ; \mﬂﬁ{

R

58 [ Zes /7/ /a‘m

§ I~ i/ \\
8 AN

! R
ST 0 2 4 6 8 0 2

Horizomsl  focation of bomb  migbaint, X, in

(a) o = 15°

Figure 29.- Contour plot of drag coefficients of wing-fuselsge cambinatlon in presence of cylin-
dricel bomb.

¢evlCI W VOVN

TCT




152 ORI NACA RM L3TAZ3

2

8

»n

pder
[~
&

§ L
F£ / \\\zzm/// 3 m o M
AN AT g f
« N[ VRN | A
N |=mr sy snR Y
| 1T o
] {

—54
| e
-2

—————

o & ol

oy *+
Y Z oGy QUIOG  JO UOIDOO) [OSIAA

—__L ——
#* 0

2



20F

NACA RM L5TA2% AT | 153
- N N
2 \ l\\\ Q
4 ¥ 8
/¥ X o |
el (| &

4

Hriontdd  focation of bomb midait, x, i

(e) oy =5°

2

T fane ¢
7
.
3
]
6

Flgure 2G.- Continued.

Bomb bay ¢

o

—f

—
-/.__‘. id
ﬁjwﬁ'fv? 7

-2

b
N
X i
N NO y . - © © N
AR W T poduy QUOG S0 LOUDY JOHA
ﬁ//UW . JOLIG
N _
AR
N




Bonb Doy ¢

a—-—-_--._.___________'

o ~F=F wﬁ.ﬂz:n% ¢

5 Z . /

: a1 P .

S ll=Sns = 7 e

: S

v o e { |

8 ez A e

g g r'___..am e 2 .
—hs |

9-4 -£ 0 2 4 6 8 0 /4

Horzort®  focation of bomb midgpaird, x, in.
(d) Cﬁb=001

Figure 29.-~ Contlnued.

61

£3vLaT W VOV




l.—Bomb bay ¢
e C il p— —T—— T Fi /@_
~ ! / Z
&Z 7
N S { _
¥ ::t b N b
TaNE=c hRESS
jER=n =57 Caehy
A . = R
w6 i e yd i k -
§ %:L_r________‘_._J %”w
&8
g
D
-4 -2 0 2 4 & & 0

Herizontel  focation of bomb  micpait, X, k.

(e) o = -5°.
Figure 29.~ Continued.

2

€IVLET W VOVN

Get




Bomb bay ¢

e B —F A ¢
2 / |
N — T
- ~x5g
§ “’;;gzixv'éél =Sl gzx,ﬂ
— - i
y 6 ZEZ:EE;;:;;£4i;?,/’ﬂ£f/ \ P fi\\
| T \
~
37 i
2 ?{\\
/]
~4 -2 0 2 N o ? °

o) ma‘mmft: X,ﬂ

(£) oy = -10%

Figure 29.~ Contimed.

94T

€2YLCT W VOVH




T
awf"-‘i o T ____|£F ¢
2
£
(¥
Iy T
— \
L g k] “rd \ 2%
S E%L”::/”’ % /"j N,
. & —] T < 3
jg \\\ Q;Eﬁ;;:k
E &
D .
i =2 0 2 4 6 8 0 2

Horizanted  jocation of bomb migbaid, X,

(8) o = =159,

Figure 29.~ Concluded.

ESVLCT WM VOVN

LGt




158

RACA RM 157A23

g

6

aliENSN

4

)
//

P4

Bomb bay ¢

.1.2\\
DB
23/

Y

L)
7
éij§%;;;f:
L2
Vi

N
\

W0

]

0

g\\\\ TANNNNY

,A"'L:f?
Y

i AN

-2

At

N <+ o o
W T wodbny QUOG JO UOHEOO JORLI

2l

Horzortdl  focdtion of bomb  migbaind, X, 1

(a) o = 15°.

Figure 30.- Contour plot of 1ift coefficients of wing-fuselage combination in presence of cylindri-
cal bomb.



NACA RM ISTA23 il 159

2

« Y

N
qﬂ =->15\ \

S
/
8

\
I
<L
, \j_:
—
6

4

245
215
forzontal  location of bomb michairf, x, b

N
)
-

-—._...ﬁ_______‘____é': Fm ¢

Bomb bay ¢

(b) o =10°
Figure 30.- Continued,

o

/AN
777 N\
1/ /AR \Y

-2

Y + © © Q!
W T Wodpy QDT 0 UODOG OOl

=




Tia—--—--—-_.._._ )

Bomb bay ¢

£

N

4 D) A==

L } 4 -““F.z/..:?\
%6 :/j;// A h ) N
E Z 22 i LN
o N

L B {

: A
o)
-4 -2 0 2 4 6 &8 0

Hortzontal  location of bomb ymigpband, x, b

(e) oy, =5°.

Figure 30.- Continued.

2

09T

¢EvLET W VOVH




]
|

1

L)

™

ate

¢SYLET WY YOVH

N

x

)

Werficol focofion of bomb miponl, z i

Bomb bay ¢
o
K\\\ T
NN _
N\ N
:§§§;§§§§§§Sha\ lend B
/j/e\,& \\\ | |
s |
=== Ay
E= o
~2 - o 2 4 6

' 8
LY

Hazontdl  focation of bomb mipoi, %, .

(2) oy = o°.

Flgure 30.~ Continued,

19T




Bomb bay ¢

29t

aufiiir‘o- — B T ——— /_F’-W Q
\
.~ £ _—
N ‘“‘-:EEEE::I\~
3 o5
E‘; I N
E é/ 7/ = f"/’ 2oy
225/ -
: d \EL%-—*-2>KJ N
: <
¥ AN
.0-4 -2 (2 2 4 6 8 0 2

Hurionidl  location of bomb  midbaint, X, i,

(e) o, = -5°

¢Zv)CT oI VOVH

Figure 30.- Continued.




RACA BM I5T7A23

Bomb bay ¢

2

8

)

4

2

o

VRN

/
Y| AN

-2

N %+
W Z wodny quog

< ©
O Uoyooq oyl

D_

Horizontad  focation of bomb michaint, X, &

-10°.

(£)

Figure 30.- Continued.

163



164 L TN NACA RM L5TA23

N
g .
ﬂ«%
=T ©
- A :
AT
X ©
N g et S
\ \ % 3
| +8 7
iy _ ra Il (&}
q I . /”_//_ s 4
] ; =] w/4/ zm C)
I\ NN :
SLVANY .
AN
R :
ﬁo o % © © 04
X W Z g QUG JO UOHDOG JONLIH
L



Gomb bay ¢

g
v o
|
|
. i
|
N
{

B,
A
e
N
N
N
~J
™.
~
N
\’I
N

Verficol focation of bomd rvdboint, Z in

1Tl
SN
NI
&\ N
N
RN

7 N
}\ I

I TR/ 8
Ry

§§E§J |
AN
N YA

LG

~2 0 2 4 6 8 10 2
Horizordal - bocafion of bomb midpoind, X, i
(8) ap = 15°.

Figure 31.~ Contour plot of pltching-moment coefficilents of wing-fuselage combination in presence
of cylindricel bcmb.

£2VLGT W VOVN

G9T



Bomb bay ¢

Wit o r—— 1] ¢

T B

§4 \;';)377 B t",-/' ,
=)D ANYZD

JRREY///aAR iR

§ /;//;. 4/ / FL““\-\_* | _'.;g

g // //A/ L |

N/

, W/ |

4 -2 0 2 4 6 8 0

Haizordd  bocation of bomb migeant, x, i

(b) a = 10°.

Flgure 31.- Continued.

2

99t

€SVLCT W VOVN




NACA RM I5T7A23 T 167

2

_/w/w// S
N .// ) //ﬁ/
N\ DN .
: \ NRXVAR .
NN o
Ffm% e P
| N <k g
.t ‘U \ \umaw /, N Mu Cw
& BESANEN B A
] IERYGSNSNN ®
WAESSNNER B
RSN
s ARSN
Mo g.swu%quﬂEqﬁwo g&ﬁ&t& nu.



168

Gomb bay ¢

NN
N 2
W /M . — / A
i # a/ﬁ =L A4/ ©¥ .
Q% NNEES g
m_ TN N i |/ m % m
DR TRE [ & s
\ \ .%”U,//// / f z.m ) o
AT AN 2
BY/ESNNNUER
H/ANIENN\\N\WN
| /AR RRNR AR
| :
_.0 2.5 z EGM.E quog nwe %ﬁ&ﬁ =
NI o



22F

KACA RM L5STA23

Bomb bay ¢

A

2

o5

~=23%
S
\
‘-—.\‘
‘\—

8

%
Y
W — ~]

6

4

ilhe

%
~

2

N R T e e Vv M

0

N/
v/
7%

AN

—Z

W Z Wodpry qUIOG  JO UOHDO  [OOIIN

Q!

Horizoal  focation o bomb midpant, x,

(e) o = -5°.

Figure 31.- Continued.



170 G NACA RM L5TA23

|
TRE[
%Ik & 4 ] .
[ «
N /#M \ =
J.m,/f_/, / x”
& . © B
N ¥ Lo § :
_— Jmﬂ/ M o m
* ¥ 7 E
-l | H ‘...M/ N\ W “o S
AN AN . 3
I\ m\\ww% N €t
N ¢ AN 4 om :
w\ T\ N\ XX
miiiiEER\ v
| .
Fo 2.&w§9ﬂ.§a§ﬁ ﬁgﬂw&t& S




NACA RM L5TA23 "S- 171

2

ra
|
8

/ L~ A/

6

k\
D
Z,
. sof
2

(g) ap = -15°
Flgure 3l.- Concluded.

740
/SN
7 AT
U I

Bomb bay ¢

0

e Y
/
g
Horizontd  focation of bomb  micpait, x, in

-2

ﬁo N ¥+ © © Q
U Z POGory GQUIOG  JO UOHDOGY O



Tail
[+](} [}
off D
5 12 3108
t o <f
o 4 dﬁ;o 5 04
£ £ ©
23 %xn g o
§ S E
= 2 Boe Sodor b 208
(= :
3 § £
2 .
g £ k4
0 P2 $d2
-) 0 E'—.IS
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 0

Verfical kcatin of bomb midpaind, z . in

(2) agp = 4% o = 0% x = 2.95 inches.

Figure 32.- Lift, drag, and pltching-moment coeff'icients of wing-fuselsge combination with and
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